Delayed post-pancreatectomy hemorrhage (PPH) is a relatively uncommon, but feared, complication after pancreaticoduodenectomy (PD). A splenic artery pseudoaneurysm is a rare cause of delayed PPH after a PD. This paper describes the case of a patient with PD used to treat a distal bile duct cholangiocarcinoma complicated with a clinically significant pancreatic fistula and secondary intraabdominal abscess. Computed tomography-guided drainage of the abscess was performed with an apparently favourable outcome; the patient was discharged on postoperative day (POD) 35 and the abdominal drains were removed on POD 50. On POD 80, the patient was readmitted for a severe digestive hemorrhage. Computed tomography revealed a pseudoaneurysm of the splenic artery with a subsequent hematoma formation. Immediately, an angiography was performed and coils were successfully mounted. This case illustrates the rare possibility of the development of a splenic artery pseudoaneurysm with severe delayed PPH after PD complicated with a clinically significant pancreatic fistula, even after the patient was discharged from the hospital. An interventional radiology approach represents the first treatment option in hemodynamically stable patients with high success rates. 
INTRODUCTION
Pancreaticoduodenectomy (PD) represents the standard approach for resectable periampullary malignancies. 1 PD is a complex surgical procedure that is widely recognized to have increased rates of postoperative complications. 1 Thus, morbidity rates around 40% and in-hospital mortality rates around 5% should be expected after a PD. 1 Associated venous resections appear to increase both morbidity and mortality rates after a PD. 2 Surgeon experience and annual hospital volume are important determinants of early outcomes after PD. 3 However, a recent meta-analysis did not identify the surgeon caseload as a significant determinant of the postoperative mortality after PD. 4 Analysis performed at the national level in the United States has shown that mortality rates reported at 90 days are double compared with the 30 day mortalities rates after pancreatectomies. 5 Furthermore, in hospitals with an average annual volume of more than 40 PDs, the 90 day mortality rate was 4.7% while in hospitals with less than 5 PDs per year the 90 day mortality rate was significantly higher -14.2%. 5 Nevertheless, it appears that high-volume surgeons are associated with significantly lower in-hospital mortality rates, compared with low-volume surgeons, no matter what the hospital annual volume of PDs is. 6 The largest, single surgeon, Western experience with a PD published so far belongs to John Cameron from the Johns Hopkins Hospital (USA). 7 Thus, in a consecutive series of 2,000
PDs, periampullary malignancies represented 68% of the indications, with a morbidity rate of 45% and in-hospital mortality rate of 1.6%. 7 The main source of morbidity after PD is represented by a pancreatic fistula, a complication that can be encoun-tered in up to one-third of the patients. 1 The high variability of the reported pancreatic fistula rates after PD is mainly related to the variability of definitions used. 8 A pancreatic fistula remains an important issue after PD and can lead to other potentially life-threatening complications such as delayed hemorrhagic complications. 8, 9 A delayed hemorrhage is considered a relatively uncommon complication after PD. Thus, the reported rates of delayed hemorrhage after a PD in recent published large series vary between 2% and 8.4%. 7, [10] [11] [12] [13] [14] [15] [16] [17] [18] Although the post-pancreatectomy hemorrhage (PPH) accounts for only 1% to 13.2% of the postoperative complications, it is considered a severe complication because it is associated with very high mortality rates. PPH accounts for 10.5% to 38%
of overall mortality after a PD. [9] [10] [11] [12] [13] 15, 17, 18 This paper presents the diagnosis and management of a patient with a delayed hemorrhage after a PD due to a pseudoaneurysm of the splenic artery.
CASE
A 57-year-old woman with arterial hypertension, was The serum levels of the tumor markers were 287.5 U/ml for CA 19-9 (normal values, 0-39 U/ml) and 4.9 ng/ml for CEA (normal values, 0-3.4 ng/ml), respectively. At approximately 1 h after the end of the operation, the patient presented tachycardia, severe hypotension and significant external bleeding in one abdominal drain, with a 2 g/dl decrease in the hemoglobin serum level.
Immediately the patient was readmitted into the operating room and, with the diagnosis of early severe PPH with secondary hemorrhagic shock, a re-laparotomy was performed. After the re-laparotomy, the diagnosis of early severe PPH with secondary hemorrhagic shock was changed to a diagnosis of hemoperitoneum due to a small arterial source branching from the accessory right hepatic artery, which was sutured to control the bleeding.
On POD 1, very high serum levels of amylase and li- With conservative treatment and transfusions, the melena was remitted within two days and the patient was discharged.
On POD 84, the patient was readmitted with recurrent melena with severe clinical impact (tachycardia, hypotension). The laboratory tests showed severe anemia (hemoglobin 4.7 g/dl). After rapid transfusions and fluid Although the interventional radiology approach was a success for the splenic artery pseudoaneurysm, the patient died at a later time due to acute liver insufficiency not related to the pseudoaneurysm or interventional radiology procedure.
DISCUSSION
Delayed PPH is defined as bleeding that occurs more than 24 hours after the index operation, according to the International Study Group for Pancreatic Surgery. 9 The median reported time between the pancreatic resection and appearance of a delayed PPH is around 12-39 days. [11] [12] [13] 16, 17, 19 A large part of these delayed PPHs occurred after the patient was discharged from the hospital. 11, 12 In the reported patient, the delayed PPH occurred on POD 80, after discharge. It appears that the mortality rate is higher in patients with a delayed PPH, at more than 39 days after surgery. 19 A severe PPH implies a large volume of blood loss (a drop of hemoglobin level ≥3 g/dl) with clinically significant impairment, need for transfusions and an invasive treatment approach, 9 as was the case in the above presented patient.
As it was previously mentioned, a delayed PPH represents a major concern after PD because it is an important source of postoperative mortality. Careful attention; a timely diagnosis of the source; and adequate, immediate therapy are of utmost importance for a successful outcome. A multidisciplinary approach created by experienced surgeons, interventional radiologists, endoscopists and intensivists is mandatory with these patients.
Delayed PPH is usually related to a local sepsis due to a pancreatic fistula, bile leak or intraabdominal abscess. 9, 15, 17, 20 Pathogenesis of a delayed PPH includes enzymatic digestion, local infection with secondary vascular wall erosion, or vascular injury at the time of resection. 9, 20 In the reported patient, the pathogenesis of the pseudoaneurysm was most likely the enzymatic/infectious erosion of the splenic artery wall secondary to the postoperative clinically significant pancreatic fistula.
Clinically significant postoperative pancreatic fistula development after a PD was recently found to be an independent risk factor for a delayed PPH. 10, 15 Furthermore, postoperative pancreatic fistula is reported in up to 80%
of the patients with a delayed PPH. 11, 13, 17, 19, 21 The presence of bile in drainage and presence of clinical signs of infection (i.e., fever ≥38 o C and leukocytosis ＞10,000 per cubic millimeter for more than 5 consecutive days) were found to be independent risk factors for a massive delayed PPH after a PD. with splenic artery pseudoaneurysms were described in the English literature. 23 Furthermore, a splenic artery pseudoaneurysm represents an exceptional source for a delayed PPH after a PD. [11] [12] [13] [14] 17, 19, 24, 25 Most of the pseudoaneurysms that occur after PD are located at the level of the gastroduodenal artery stump or hepatic artery. [9] [10] [11] 13, 14, 16, 17, 19, 20 Interestingly, a recent study suggested that the delayed PPH with origin from the splenic artery is more frequently encountered after pancreaticogastrostomy reconstruction than after PD. 25 Sentinel bleeding, defined as minor blood loss via surgical drains or the gastrointestinal tract, with an asymptomatic interval of at least 12 hours until the development of hemorrhagic shock, 10 is sometimes the only clinical sign that announces a massive PPH, as was the case with the reported patient. Sentinel bleeding is encountered in up to 77.8% of the patients with severe PPH. 10, 13, 16, 17, 21 Some studies suggest mandatory angiographic exploration in every patient with sentinel bleeding after PD because a pseudoaneurysm is thus discovered in 35% of the patients. 26 An upper digestive hemorrhage can be a clinical sign in an important proportion of patients with a false aneurysm of the splenic artery. 23 An upper endoscopy sometimes does not identify the source of bleeding.
Contrast-enhanced computed tomography with multiplanar reconstructions is mandatory in these situations to promptly identify the origin of hemorrhage, 24 as was the case in the above presented patient.
The management of delayed PPH after PD represents a challenging problem, particularly when a pancreatic fistula is associated. An endovascular approach represents the first treatment option in patients with delayed PPH of an arterial origin and in patients without hemodynamic instability. 11, 13, 15, 16, [19] [20] [21] 24, 25 Arterial embolization consists of an occlusion on either side of a false aneurysm in order to prevent further bleeding via reverse flow or anastomosis, 24 as was the case in the above presented patient. The success rate of an arterial embolization used to stop the bleeding is up to 100%. 24 Recurrence of the bleeding is usually related to persistence of the favouring factors (i.e., pancreatic/bile leak, persistent abscess).
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Spleen infarction is a reported complication after splenic artery embolization but rarely is associated with clinically significant consequences, 27 as was the case in the reported patient.
Surgery represents an alternative treatment approach in patients with delayed PPH with massive bleeding and hemodynamic instability, in patients where it is mandatory to solve the underlying source of hemorrhage to prevent further arterial erosion (i.e., completion of a pancreatectomy for a severe pancreatic fistula), 13, 15, 20, 21, 25 when interventional radiology procedures have failed
